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anti MCTfoo no* making same 

RACKfiBOPhT) Of THE MYEfTIQH 

This invention relates to expandable endoprosthesis devices, {canity 
cslled stems, which are adapted to be itnpUtted into a patient's body lumen, soca as 
blood vessel, u> maintain the patency (hereof. These devices are very useful in the 
treatment of atherosclerotic stenosis is blood vessels. 

Stents are generally tubular shaped devices which function to hold open 
a segment of a blood vessel or other anatomical lumen. They are particularly suitable for 
use to support and hold back a dissected arterial lining which can oodude the flnid 
passageway therethrough. 

Further details of prior an stents can be found in U.S. Patent 3, $64,956 
(Alfidi tt aL)\ U.S. Patent 4,5i: J3C (Ralko *r oL); U.S. Patent 4.553.545 (Maass ct 
aL); U.S. Patent 4.733,665 (PsJmas); U.S. Patent 4.762.128 (Rosenbluth); U.S. Patent 
4.800,882 (Gianturco); U.S. Patent 4,8S6\516 (HDlstead); and U.S. Patent 4,886,062 
(Wiktor), which are hereby incorporated herein in their entirety by reference thereto. 
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Various means have been described » deliver and imoUoi stents. One 
method frequently described for delivering t stent to a desired intralumeftal locaaon 
includes mounting the expandable stent on in expandable member, sxfc as a ballon, 
provided on the distal end of an intntvaxuUr catheter, advancing the caueter to the* 
5 desired location within the patient's body lumen, inflating the balloon on the caxheter to 
«p»e4 the rtttt into a permanem 

removing the catheter. One of the difficult*** encauitfered using prior stents involved 
rnainttinicg the radial rigidity needed to hold open a body lumen while at the same time 
maintaining the longitudinal flexibility of the stent to facilitate its delivery. 

10 



20 



Wlat has beer, necoed and heretofore unavailable U a stent which his * 
high degree cf flexibility so that it can be advanced through tortuous passageways and 
can be readily expanded and yet have the mechanical strength to hold open the body 
lumen into which it expanded. The present invention satisfies this nerd. 

c^r^AttV OP THE INVENTION 

The present invention is directed to an expendable stem which is relatively 
flexible along its longitudinal axis to facilitate delivery through tortuous body lumens, 
but which is stiff and stable enough radially in an expanded condition to maintain the 
patency of a body lumen such as an artery when impUntrd therein. 
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jh, aent of the invention icneral'y includes a plurality of rsdially 
expandable cylindrical dements which are relativdy i«teper«tew u their abUity to 
expand and to flex relative to one another. The ^dividual radially expafldibte cyhndhol 
elements of the stent axe di.xnxkvied to as to be kntftudinally shorter than the* own 



diameters. Interccnnerinj dements or struts extendi*!; between adjacent cylindrical 
de^tt provide ir^ie-ed itabiliiy aad tt«^^ 

stent upon the expansion thereof. The resultine. stent structure is a aeries of radially 
expandable cylindrical elements which are spaced lontftudinally close enoctS » that 
imall dissections in the wall of a body lumen may be pressed back ii» lotion apin* 
the lumwnl wall , but net so close as to compromise the tongiatdinal tefcffioVof the 
Hat. The individual cylindrical dementi may rotate tli|htjy relative to adjacent 
cylindrical elements without lifniftcant deformation, cumulatively tWine » Ment which 

is flexible along itt length and about its loc|itudii«l axis but*is sail very stiff in the 

radial direction in order to resist collapse. 

The jtrat embodyinf features of the invearioo can be readily delivered to 
the desired lumc.il location by n«unan t U on an expandable member of a delivery 
catheter, for example a balloon, and passing the otheter-sant assembly through the body 
lumen to the implantation site. A variety of means for securing the stent ta the 
expandable member on the catheter for delivery to the desired location are available. It 
is presendy preferred to compress the stent onto the balloon. Other means to secure the 
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stent to the balloon ind ale prc.idjflg ridges or cottars on the inflatable tuembcr to 
resnin lateral mo/cment, or using bioresorbable temporary id heaves. 

The presently preterved structure for *xpindabic cylindrical dements 
$ w hich form the stents of the present invcntkn generally hare a drcumfcrential undulating 
pattern, e.g. serpentine. The transverse cross-section oi the undulating component of the 
c/lindrical element is relatively small and preferably his an apeeffatio of 4bout two to 
one to about 0.5 to one. A one to one apiair ratio has been found particularly suir&le. 
The open rsticulated structure of the stent allows for the perfusion of blood ov*r a Urge 
10 portion of die arterial wall which cut improve the healing and repair of a damaged 
arterial lining. 

The radial expansion of the expandable cylinder deforms the undulating 
pattern thereof similar to changes ia a waveform which rc jlt from decreasing the 

IS waveform's amplitude and the frequency. Preferably, the undulating patterns of the 
individual cylindrical structures are in phase with each other in order to prevent the 
conoacoon of the stent along its length when it is expanded. The cylindrical structures 
of the stent are plastically deformed when expanded (except with NiTi alloys) so that the 
stent will remain in the expanded condition and, therefore ^hcy must be sufficiently rigid 

20 when expanded to prevent the collapse thereof in use. With superelastic NiTi alloys, the 

expansion occurs when the stress of compression is removed so as to allow the phase 
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mnsfornwoon 
stent. 



from tuner. « ttc< » manensite and u a mull the 



of te 



The elonrited elements which m*-connect sdjacent cylindrical . 
^ have a transverse crc~s««« »«ikr to to «nm* dimension, of te 
jnduUong components of te op«d*le cylindrical element*. The in-rent**** 
^umaybeforn^in.un^ 

independently »nd connecedby .uioble me-*, such as by welding or by mtdtaniaU, 
scoring te ends of the mtcrasnMcft* etanenti to the cads of te expwtahk 
cylindrical etanems. Preferably. «H * the itttronnectint elements of a stent are joined 
* cither te peaks or the valleys of the undulating structure of the cyfindriol dementi 
whichWte stent.In thU runner te* is no shortening *fte«ent«po« 



The number and location of dements interconnecting adjacent cylindrical 
element, ean be wied to otto «o dmtap te desued Umpiudif^ ftoSbilil/ in *c 



structure both in te unexpanded as well a* te expanded condition. Tie* properties are 
im pora»t «o minimize alteration of te natural physiology U te body ttftt in* which 
the stent i, implanted and to maintain te compliance of te bod, lunen which i, 
20 internally support by te stent. GenerUly. .Hester the lc*gi««dinal Utility of te 
sient. te easier and te more safely It ean be delivered to te Implantation site. 
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In a pre***/ P«fem» embodiment of the invention the stent U 
conveniently and formed by »«» * 

reaistant to chemical etching}™^* portont of 0- com* » expo* portion, of 
underlying tubing which «» be w» dtvdop tf« <k»W ««» 

5 exposed portons of the tub* are removed by chemicaUy etching fre« the tubing 

^.structure. -P,c ctchini on*** doilop. «noo«h opening, in .he tubing wall wifcout 
bum or other arnfact, which are charge of mechanical or User m-Kning 
prcce^a in the small sized product, contcmpla^. Moreover, a compter conetolled 
10 User parining process to rtn^ the 
^otogytdapoblcuthe,^^ 

i» me extremely small «» needed to «* the small «enu of 0« inv«*» would be 
a „**, difficult task. A plurality of stem, can be formed from one length of hypotubing 
by repeating the stent patten, and providing small web, or ub. to interconnect the stent*. 
1 5 After the «ching process, the stents can be separated by severing the small webs or tab. 
which connect them. 



Other feature, and advantages cf the present invention will become more 
apparent from the following deoiled description of the invention, when uk» » 
20 conjunction with the accompanying exemplary drawing.. 

nprfc T tF* r1>T r nftH fF ^ twawings 

I 

I 
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FIG. 1 is a devinoaal view, partially tu section, of a stent embodying 
feature* of the invention which it mounted on a delivery catheter and disposed within a 
damaged artery. 

FIG. 2 is an clevadonal view, r asliv » section, similar to that show 
in RG. 1 wherein the stent ;s expanded within wt damaged artery, pressing the d^mgri 
lining against the arterial wall. 



FIG. 3 is an devational view, partially in section showing the 



\ 

stent within the artery after withdrawal of the delivery 



FIG. 4 is a perspective view of a stent embodying features of the 
invention in an unexpanded state, with one end of the stent being shown in an exploded 
view illustrate the details thereof. 

FIG. 5 is a plan view of a flattened section of a stent of the 'uvcotka 
which illustrates the undulating pattern of the stent shown in FIG. 4. 



20 



RG. 6 is a schema^ representation of equipment for selectively 
removing curing applied to tubing in the irunufscturing of the stena of the present 
invention. 
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FIGS. 7 through 10 ue penpec&ve views schematically illustrating various 
configurations of uuerconnective dement placement bewen the radially expandable 
cylindrical elements of the stent. 

FIG. 11 is a (.lan view of a flattened section of a stent illustrating an 
alternate undulating patient in the expandable cylindrical ekmenu of the stent which are 
out of phase. 



ftT^ An vrs wmnmow op tftf mvpmON 



FIG. I illustrates a stent 10 foecuporaring features of the invention whicU 
is mounted onto a delivery catheter 11. The stent generally comprises a plurality of 
radially expandable cylindrical elements 12 disposed {aurally coaxially and 
interconnected by elements 13 disposed between adjacent cylindrical elements^ The 
delivery catheter 1 1 has an expandable portion or balloon U for expanding of the stem 
10 within an anery 15. The artery 15, as :hown in FIG. l^has a dissected lining 16 
which has occluded a portion of the arterial passageway. 



The delivery catheter 11 onto which the stent 10 is mounted, is essentially 
the sarre as a conventional balloon dilatation catheter* for angioplasty procedures* The 
balloon 14 may be fcrmed of suitable materials such as polyethylene, polyethylene 
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terephthalate. polyvinyl chloride, nyloo and iooomers such as Surlrn* nonufe«u«d by 
the Polymer Products Divi.ioo of the Du Pont Company. Other polyrrxn my also be 
uied . to order for ft* stall 10 to remain in place oo the balloon 14 during delivery to 
^sivtoltedMV^teir^lS.teuamiax&VK** onto the balloon. 
5 A retractable pn>«nv* delivery sleeve 20 as described in *op«dirtf application Saul 
No. 07/647,464 filed on April 23 . 1990 nd added STENT DELIVERY SYSTEM mty 
be provided to further ensure that the sent stays in pta» « the expuultble ponioo of 
the delivery caiksr 11 and prevent abrasion of the body lumen by the open surface of 
the stem 10 during delivery to the desired arterial location. Other means for securing the 
10 stent 10 onto the balloon 14 may d»be u>ed, suchuprov^cdlar, or rulres on *e 
ends of the working portion. Le. the cylindrical portion, of the balloon.' 

Each radially expandable cylindrical dement 12 of the itmt 10 maybe 
independently expanded. Tnerefore. the balloon 14 may be provided with an inflated 
IS shape other than cylindrical. tapered, to facilitate implantation of the stent 10 in a 
variety of body Icaen shapes. 



20 



In a preferred embodiment, the delivery of the stent 10 is accomplished 
in the following manner. The stent 10 is first mourned onto :hc inflatable balloon 14 c 
rhe distal extremity of the delivery eameter 11. The balloon 14 U slighdy inflated » 
,ccurc the stent 10 onto the exterior of the balloon. The cathew-stent assembly is 
introduced within Die patient's vascular in a conventional Sddinger technique throoga 
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» guiding catheter (not shown), a guidewire IS is disposed across the damaged atrial 

section with the detached or dissected lining 16 and thee the cathaer-uott M y U 

idvjnetrfoveraguidewire 18 wkhinthemery 15 until thitient 10 u directly under the 
detached lining 16 The balloon 14 of the catheter is expanded, expadng the jemt 10 
against the artery 15. which U ffittstraJcd in FIG. 2. While not sho« ir Ae drawing, 
theantry 15 is preferably expanded slightly by the expansion of the stent !0 lo aeu or 
otherwiae fix the item 10 to prevent movement. t . some circuosnoces during the 
treatment of stenotic portions of in artery, the artery may have to be expanded 
considerably in order tu facilitate passage of Wood or other fluid therethrough. 

The stent 10 serves to hold open the artery 15 after the catheter 11 is 
withdrawn, as illustrated by FIG. 3. Due to the foruadon of the stent 10 from an 
elongated tubular member, the wnduUnn; component of the cylindrical elements of the 
stent 10 is relatively flat in transverse ooss-section. so that when the stent is expanded, 
the cylindrical elements are pressed into (he wall of the anery 1 5 and as a result do not 
interfere with the blood flow through the artery 15. The cylindrical dements 12 of stent 
10 which are pressed into the wall of the artery 15 will eventually be con -red with 
endothelial cell growth which further minimizes blood flow interference. The unduU>t»g 
portion of the cylindrical sections 12 provide good tacking characteristics to prevent stent 
movement within the artery. Furthermore, the closely spaced cylindrical elements 12 u 
regular intervals provide uniform support for the wall of the artery 1 5. and consequently 
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are w^ll adapted to tack up and hold m place small fUps or dissectiuAS m the wall of die 
artery \5 as illustrated in FIGS. 2 and 3. 

FIG. 4 u an enlirtod pasp c uWc view of the stent 10 shown in Fia> ! 

5 with one end of the stent shown ia an exploded view to illustrate in greater detail the 
placement of interconnecting elements 13 between adjacent radially expandable 
cylindrical elements 12. Each pair of the interconnecting dements 13 oo one side of a 
cylindrical element 12 are preferably placed to achieve marimum flexjbQiry for a same 
In the embodiment shown in FIG. 4 the stent 10 has three iniexconneccag flrnvnrf 13 

10 between adjacent radially expandable cylindrical eieme&a 12 which are 120 degrees 



apart Each pair of interconnecting elements 13 on one end of a. cylindrical element 12 
are offset radially decrees from the pair oo the other side of the cylindrical fitment. 



9>/ 

^ t0 /i?/l * ** tenul * 0ft °' ' mterconnec ^ A € elements results in a stent which is longitudinally 
^0 p/& It flexible in essentially all directions. Various configurations for the placement of 
1 5 interonnecting dements are possible, and se*. jal examples are illustrated schematically 
in FIGS. 7*10. However, as previously mentioned, all of the interconnecting rlrmcnti 
of an individual stent should be secured to either the peaks or valleys of the undulating 
structural elements in order to prevent shortening of the stent during the expansion 
thereof. 



20 



FIG. 10 illustrates a stent of the present invention wherein three 
interconnecting elements yt are disposed between radially expandable cylindrical 
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element >f: The wtercoiwecong elements/*! arc distributed radially around the 
circumference of the steal at a 120 degree spacing. Disposing tour or more 
intertotuwctinR element* 13 between adjacent cylindrical elements 12 will generally give 
rise to the same consecrations discuised above for two and three iiuercocnccang 
3 demon. 



The properties of the stent 10 may also be varied by alteration of the 
undulating pattern of the cylindrical elements JoVTIG. 1 1 illustrate* an alternative stent 
10 structure in which the cylindrical elements are in serpentine patterns but out of phase 
with adjacent cylindrical element*. The particular pattern and how many u ndula tio ns per 
unit of length around the circumference of the cylindrical demerUjrJfor the amplitude 
of the undulations, axe chosen to fin particular n>echamcal requirements for the s*nt such 
as radial stiffness. 

15 

The number of undulaovns may also be varied to accrmcnodue placement 
of Intercopnecung elements 13. at the peaks cf the undulation* or ilong the sides of 
the undulations as *hown in FIGS. 5 and 11. 

20 The stent 10 jf the present invention can be maoe in many ways. 

However, the preferred method of making the stent is to coat a thin-walled tubular 
member, such as stainless steel hypocubing, : *ith a material which is resistive to chemical 
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ctrhants ^remove portions of the coating to expose underlying hypombing which is 10 be 
removed but to leave coated portions of the hypotubing in the desired pattern for the steal 
so that subsequent etching will remove the exposed portions of the meoffic tubing, but 
wiU leave relatively untouched the portions of the metallic tubing which are to form the 
5 stem. The coated portion of the metallic tube is in the desired shape for the stent An 
etching process avoids the necessity of removing bum or slag inherent in conventional 
or laser machining processes. It is preferred to remove the e*hant-resistive material by 
means of a machir.e<ontroUed laser as illustrated schematically in FIG. 6. 



10 



15 



20 



A coating is applied to a length of tubing which* when cored, isresistrve 
to chemical etchanu. "Slue PhtfMeaist* made by the Shipley Company in San Jose, 
California, is an example of suiubie commercia: ivailabte photol?Oiographic coatings. 
The coating is preferably applied by electrophc : deposition. 

To ensure that the surface finish is reasonably uniform, one of the 
dec odes used for the dectrochcmical polishing is a doughnut-shaped electrode which 
is placed abnut the central portion of the tubular member. 

The tubing may be made of Suitable biocompatible material such as 
stainless steel, titanium, tantalum, superelastic NiTi alloys and even high strength 
(hermoplasuc polymers. The stent diameter is very small, so the tubing from which ti is 
made must necessarily also have a small diameter. Typically the stent his an outer 
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diameter on the order of about 0.06 inch in (he unexpanded condfeion. the aim outer 
diameter of the hypotubint from which it is made, and cw be expanded to an outer 
diameter of 0. 1 inch or more. The wall thickness of the hypotubint is about 0.003 inch. 
In the instance when the stafWpUstic. it WMvrffa be heated within the arterial 

5 sits where the stent is expanded to facilitate the expansion of the Rent. Once expanded, 
it wouW^hcn-bo^cooled to retain iti expanded itre. The stent may be conveniently 
heated by hating the fluid within the balloon of the balloon directly by a suitable system 
such u disclosed in co-pending application Serial No. 07/521.337, filed January 26, 
1990 entitled 'DILATATION CATHETER ASSEMBLY WITH HEATH) BALLOON* 

10 which is incorporated herein in its entirety by reference. The stent may also be mad* of 

t 

nviierials such as supertiastic NiTi liloys such is described in co-pendins application 
Serial No. 07/629.381, filed December 18, 1990, cndtlcd SUPERELASTIC GUIDING 
MEMBER which is incorporate herein in its entirety by reference In this case the stent 
would be formed full size but deformed (c|. compressed) into a smaller diameter onto 
15 the balloon of the delivery catheter to facilitate transfer to a desired intralumenal site. 
The stress induced by the deformation transforms the stent from a martensite phase to 
a austenite phase and upon release of the force, when the stent reaches the desired 
intralumenal location, allows the stent to expand due to the transformation back to the 
martensite pha**. 



20 



Referring to FIG. 6, the coated tubing 21 is put in a routable collet future 
22 of a machine controlled apparatus 23 for posttonin* the tubing, 21 relative to a User 
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24. Acceding to machme-encoded iiuoMctions. the tubing 21 is towed and moved 
longitudinally relative to the User 24 which is also machine controlled. The User 
selectively removes the etchant-resisdve coning on *e tubing ibWoa and » pattern 
ii formed such that the surface of the tube thai is to be removed by a subsequent 
5 chemical etching process is ^V***- The surface of the tube is therefore left coated In 
(he discrete pattern of the finished stent. 

A presently preferred system for removing the coating on the tubing 
includes the use a 60 wan CO, laser, such as a Coherent Model U. in pulse mode (0.3 
10 mS pulse length',; 48 mA key current and 41 W key power with 0.75 W average power, 
at 100 Hz; Anorad FR-20; 12.5 Torn with no assist gat. Low pressure air Is directed 
through the fine focus head to ensure that no vapor contacts the lens. The assist gas jet 
assembly on the laser unit may be removed to allow a closer proximity of the fine focus 
head and the collet fixture. Optimum focus is set at the surface of the tubing. Cured 
15 phourffesiJt coating readily absorbs the energy of the CO, wavelength, so that it can be 
readily removed by the laser. A coaled 4 inch length of 0.06 inch stainless sted tubing 
is preferred and four stents can be parterred on the length of tubing. Three tabs or webs 
between stents provide good handling characteristic; for the tubing after the etching 
process. 



20 



The process of patterning the resistive coring on the stent Is automated 
except for loading and unloading the length of tubing. Referring again to FIO. 6 it may 
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Inc. in Chicafo IL. f which is a mixture of sulfuric acid. carboxylic acids, phosphites, 
corrosion inhibitor! and a biodegradable surface active a^cnL The bath temperature ii 
maintained at about 110*135 deems F and the current densiry is about 0.4 to about IJ 
amps per in. 1 Cathode to wode are* should be at leut about two to one. The stents may 
be further tresiod if desired, for example by applying a biocompatible coating. 

While the invention haa been illustrated and described herein in tcrma of 
its use ii an intravascular stent, it will be apparent to those sJriUH » the art thai the 
stent can be used in other instance* such as to expand prostatic urethras in cases of 
prostate hyperplasia. Other modifications and improvement! 4 mafl>c mad« without 

departing from the tcope of the invention. 

■* 

Othcrmodte aUws ami Unpt o *cmenis an In node to the in ve nc on-withom — ' 
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WHAT IS CLAIMED IS: 



1. A tofliiwdinally fledble ««». campri«« » plurality of cylWrically 
shaped elements which are inexpediently expandable in Ihe radial direction and which 



3 are interconnected so as to be tenenlly au K Md on a common axis. 



2. The stent of claim 1 whorin the cylindrical^ ih*{^d members are id*ptoJ 
2 to retain their expanded condidon upon the expansion thereof. 

1 3. The went of elaim I wherein the radially expandable cylindrical elemeats 

2 in an unexpanded condition have alenithleu than the diameter thereof. 



t 4. The stent of claim I wherein each radially expandable cylindrical element 

2 is formed of a structural member havint transverse dimensions with an aspect ratio of 

3 less than two to one. with the structural member formed in an undulating partem and 

4 disposed about the longitudinal axis o< the stent 

! 5. The stem of claim 4 wherein the structural member Is formed of a 

2 biocompatible material selected from the group consisting of stainless steel, tungsten, 

3 tantalum, superelasae NiTi alloys and thermoplastic polymers. 



II 
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1 6. The stent of cUim I wherein the cylindrieaHy shaped member* turn 

2 interconnective demons at one end thcrtof which ire if. azia! alignment with 

3 mtercow«nn| elemenu on the oppose end of the cylindrical dement*. 



1 7. The stmt of claim 6 wherein each interonnecting element it one end of 

2 a cylindrical element is ctrcum/erendaUy displaced from in tatexconneedve dement c* 

3 the opposite end of the cylindrical dement. 



8. The stent of claim 6 wherein the orcumfcrennrl displacement of the 



I 

i 

2 ' interconnecting dements is of equa! magnitude. 



I 



9, The stent of claim i wherein there ire up to four toterconnective dementt 
2 disposed between idjicent radially expandable cylindrical elemenu. 

1 10. The stent of cliim I wherein the radially expandable cylindrical elements 

2 and the interconnecting elemenu are made of the same material. 



I 

2 tubing 



U. The stent of claim 9 wherein the stent is formed from a single piece of 



{ 12. The stent of claim I wherein the cylindrical elemenu are formed of 

2 structural members in an undulating pattern. 
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4 
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1 13. The Jient of claim 12 wherein the undulating patterns of the saucwral 

2 memben of the stent tit in phase. 

1 14. The mm of claim 13 wherein the cau>ccang dementi of the Jim* ire all 

2 connected to either the peata of thevilky* of the sndulatii^mcmnl nvernben. 

j u> ^ precea of mattn|»ttent whkh Include* the «ep» of: 

2 i) Wlywe » co4,in * reataive to chemical etching to » length of 

3 tubinfi*. 

4 \ b) selectively removing portent of the resistive coating » expose 
5- sections of the tubing; and 

6 C ) removing «pc*ed portion* of «he tubing. 

x 15. The procen of claim 14 wherein a plurality of stenu ara made from a 

2 single piece of tubing. 

1 16. The process of claim 14 wherein the stent is made from a bweompceye 

2 material lelected from the group consisting of polymers, stainless steel, titanium. 

3 suoerelasdc NiTi alloys and tantalum. 

t 17. The process of claim 14 wherein the coaling U applied by ekctrophoretie 

2 deposition. 
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1 18. A method for deploying a went of claim 1 within p. body lumen of a pad** 

2 which is made of biocompatible thermoplaitic polymeric materia!, which include, the 

3 steps of: 

4 a) placing the stent on the expandable porvo-. ot" a catheter which is 

5 ?dapted to heat and expand the stent; 

6 delivering the stent to a desired location within the body lumen; 

7 c) heating and expanding the stent; 

3 d) allowing the stent to cool in an expanded sate so u to rigidify the 

9 stent and allow it to hold open the body lumen; 

10 «) contacting the expandable portion of the catheter, and 
a f) withdrawing the catheter. 

1 19. The stent of claim I wherein the stent is coated with a biocompatible 

2 coating. 

t 20. K method for making open reticulated tubular structure, comprising the 

2 steps of: 

3 a) providing a discrete length of thin walled tubing; 

4 b) forming a resiirive coating onto the exterior of the tubing: 

5 c) selectively removing portions of the resistive coatint on the 

6 exterior of the tubing to leave the desired pattern of the complete open reticulated 
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1 



i coaud with restore coating and to expose portion of the tubing 



7 tubuUr structure < 

g 10 be removed; and 

9 d) removing the exposed portions of the tubing. 



1 

2 removed by etching 



21. T*e method of cbdm 20 wherein the exposed portion* of the tubing u 



22. The method of claim 20 wherein the selective removal of the relative 

ve 

\ 



2 coating isacwmpUshed by ntacbir^^ 



23. Tne method of cUim 20 wherein the laser uoi to selectively remove the 
r»i«ive coating emiu a particular wavelength of light which i» readily absorbable b, 



1 
2 

3 said coating. 



24. T^enwihodofchL-nlOwhereiiiihebscTiiaCOjtulaMr. 



» 25. Hie method of claim 20 wherein the resistive coating used is a 

2 photolithographic chemically resistive coating. 

\ 26. A kit comprising: 

2 a) an elongated stem delivery catheter having proximal and distal 

3 utremiriei. and in c*p»n<Uble member on the distal extremity; and 

I 

-22- 
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ro ou„«» onto *e enable member of -id »d which W-f * 
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